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Coffea canephora plants grown at low or elevated temperatures undergo changes in photosynthetic processes, which have a direct 
impact on vegetative growth. This species shows plants with distinct stress tolerance mechanisms and a great genetic diversity; 
however, there are no studies concerning the study of altitude on plant growth for these genotypes. The objective of this study was 
to evaluate the growth rates of orthotropic and plagiotropic branches from 28 Coffea canephora genotypes, ca. 3 years of age, 
cultivated at 850 m of altitude. The experimental design was a randomized complete block design with four repetitions. Each 
repetition was compounded by five plants. The period of the experimental evaluation was from 01/23/2013 to 07/07/2013. We 
selected and identified the orthotropic and plagiotropic branches, which were evaluated bimonthly according to their length (mm), 
assessing the growth rates. The results were associated with climatic factors that occurred during the experimental period. The 
genetic material of Coffea canephora evaluated in the study shows genetic diversity to the characteristics growth rate of 
orthotropic and plagiotropic branches, thus, it is possible to select genotypes with potential for cultivation at 850 m of altitude. In 
general, genotypes of Coffea canephora exhibited variations in growth rates, mainly in response to changes in temperature, with a 
sharp and constant drop in growth rates between the period from 05/05/2013 to 05/ 23/2013, when the recorded temperatures 
were always below 13 °C. Genotypes A1, NV2 and NV1 can be pointed as the ones which showed the best vegetative growth results 
at 850 meters of altitude.  
 




The genus Coffea is represented by at least 124 species 
(Davis et al., 2011), of which C. arabica L. (arabica) and C. 
canephora Pierre ex A. Froehner (conilon or robusta coffee) 
dominate the world trade, producing about 99 % of what is 
one of the most valuable products of the global economy, 
coffee. More than 150 million sacks were harvested in 2016, 
worldwide, where 95 million were C. arabica and 56 million 
C. canephora. The highest producers were Brazil, followed 
by Vietnam, Colombia, Indonesia, Ethiopia, Honduras and 
India (ICO, 2018). According to Van der Vossen (2016), 
coffee moves 175 billion dollars, and is produced by more 
than 25 million families. 
The best vegetative growth is observed at average annual 
temperatures ranging from 19 to 23 ºC, for C. arabica, and 
from 22 to 26 ºC for C. canephora (DaMatta & Ramalho, 
2006). C. canephora shows a higher growth rate when 
cultivated in climates with minimum air temperatures above 
17 ºC (Partelli et al., 2010; 2013) and average maximum air 
temperature below 33 ºC (Covre et al., 2016; Dubberstein et 
al., 2017). Therefore, its cultivation in a high-altitude region 
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may show development problems, due to some genotypes’ 
limitations, mainly in the coldest months of the winter.  
However, the species has a high genetic diversity (Leroy et 
al., 2014) and may be adaptable to low temperature 
conditions.  
The Intergovernmental Panel on Climate Change (IPCC, 
2014) predicts that there will be significant changes in agro-
climatic zoning, involving significant loss of areas considered 
suitable for coffee cultivation in important producing 
countries, such as Brazil and Vietnam (Bunn et al., 2015; 
Rodrigues et al., 2016a). Hence, C. canephora cultivation in 
areas with high altitude is increasing over the years, aiming 
at increasing productivity and grain quality, as is verified in 
Arabica coffee (Abreu et al., 2012; Tolessa et al., 2017).  
The cerrado region in Brazil is characterized by two well 
defined seasons (dry and cold winter and rainy summer). 
The dry period varies from four to seven months and the 
rains are concentrated from October to March. The average 
temperature is around 22-27 ºC, with the maximum 
temperature averages suffering little variation, throughout 
the months. Nevertheless, in the winter, the temperature 
average variation (day/night) is above 12 ºC, and sometimes 
minimum temperatures of 10 ºC may happen in the colder 
months (Fernandes et al., 2012). 
When C. canephora is cultivated under low temperature 
conditions, it develops changes in photosynthetic processes, 
namely a decrease in the net photosynthesis rate and lower 
efficiency of the photosystem II, accompanied by the 
reduction of stomatal conductance (Zhu et al., 2008; Partelli 
et al., 2009). However, conilon coffee shows high genetic 
diversity (Fonseca et al., 2004), with plants displaying 
different tolerance mechanisms at low temperatures 
(Partelli et al., 2009; 2011; Batista-Santos et al., 2011; 
Ramalho et al., 2014; Scotti-Campos et al., 2014). 
When exposed to gradual applied low temperatures, C. 
canephora display defense mechanisms that may allow 
different acclimatization capacities, which depends on the 
cultivar (Ramalho et al., 2014; Ramalho et al., 2018). 
Recently, some researchers have been studying the 
cultivation of Conilon at high altitude in the State of Rio de 
Janeiro (Barbosa et al., 2014; Rodrigues et al., 2016b), 
demonstrating its potential use at higher altitudes. 
Based on the knowledge of the plant adaptive mechanisms 
and the great genetic variability of C. canephora, and 
through a breeding program aiming at obtaining cultivars 
adapted to climatic conditions of high altitude, it is possible 
to find low temperature tolerant genotypes and/ cultivars. 
Hence, it is consistent to evaluate C. canephora genotypes in 
high altitude areas, as there are no studies regarding the 
evaluation of genotypes growth under these conditions. 
Thus, our objective was to evaluate the seasonal variation of 
the growth rate in orthotropic and plagiotropic branches 
from 28 C. canephora genotypes cultivated at 850 meters of 
altitude, under high altitude climatic conditions with 
evidenced stressing low temperatures in the winter. 
 
Results and discussion 
 
Four groups were clustered regarding the characteristic 
growth rate of orthotropic branches (Figure 2A). The first 
and second groups were composed by nine genotypes each 
(Group 1: 22, 13, 25, 7, 11, 14, 20, 1, 16) and (17, 5, 8, 26, 12, 
27, 23, 3, 21), the third group comprised seven genotypes 
(18, 2, 9, 19, 28, 4, 6) and the fourth group three (15, 10, 24). 
Four groups were also formed for growth rate of 
plagiotropic branches (Figure 2B), where the first was 
clustered with three genotypes (25, 14, 17); the second 
group consisted of six (15, 24, 27, 19, 2 , 9), the third group 
composed of seven (23, 4, 16, 3, 13, 1, 22) and the fourth 
group composed of 12 genotypes (12, 5, 6, 18, 20, 26, 28, 11, 
21, 8, 10).  
The groups formed by the growth rate characteristics of 
orthotropic and plagiotropic branches (Figure 2), are distinct 
when compared among each other, indicating that the 
groups should be evaluated separately. For the orthotropic 
branches, there was proximity between the third and the 
fourth group and the first and second group (Figure 2A), 
where the genotypes show values for growth rate of 
orthotropic branches closer than the other groups. 
The degree of similarity between the groups may be 
evidenced by the condition the groups of genotypes 
assumed before the cut-off point was established. If the 
same groups were assumed before cutting, the group is 
considered similar, even if there is separation after cutting in 
the clustering tree. If the groups had already assumed a high 
degree of distance before the cut-off point was established, 
it is granted that these groups have independent behavior 
and, therefore, they are less similar when compared to the 
other groups.  
These differences correspond to divergence degrees in 
terms of adaptation, which can be characterized using 
predictive methods, which allow to quantify the genetic 
variability in coffee trees. These methods are based on 
morphological, physiological or molecular differences 
between genitors, which are quantified through measures of 
dissimilarity (Freitas et al., 2009). 
To use the genetic variability, efficient strategies are 
determinant for the success of coffee breeding programs 
(Rocha et al., 2013). According to Rodrigues et al. (2015), the 
formation and characterization of groups of genotypes are 
essential to guide the selection of genetic material in 
breeding programs, since it allows to establish combinations 
based on the degree of dissimilarity between genotypes, to 
explore the required potential in order to reach high 
agronomic performance.   
For both characteristics orthotropic and plagiotropic 
branches, few groups were formed. In this case, the 
clustering analysis was important for this study, thus, the 
chance to select similar genotypes is high, giving smaller 
gains in the coffee breeding process. Cruz et al. (2004), 
suggest the use of individuals with different patterns of 
dissimilarity in breeding programs, avoiding the restriction of 
genetic variability and providing greater gains in selection.   
Relating the climatic data (Figure 1), with the results of 
growth rate of orthotropic and plagiotropic branches 
(Figures 3 and 4), we can see a directly proportional 
response of the growth rates to changes in temperature, 
especially minimum temperatures. As the minimum 
temperatures decrease, the growth rates of the C. 
canephora genotype groups also decrease to a greater or 
lesser degree depending on the group of genotypes. This 
behavior can be attributed to the fact that the growth rates 
of the orthotropic and plagiotropic branches of the coffee 
tree undergo seasonal variations throughout the year, and 
under minimum air temperatures below 17 ºC, the growth 




Table 1. List of the 28 C. canephora genotypes used in the experiment, in the Instituto Federal Goiano, in Morrinhos - GO. 
A AC A AC 
1V 1 NV2 14 
2V 2 14 from Emcapa 8121 15 
3V 3 Clone 18 16 
4V 4 NV1 17 
5V 5 NV8 18 
6V 6 P1 19 
7V 7 3 from Emcapa 8121 20 
8V 8 P2 21 
9V 9 4 from Bahia 22 
10V 10 NV3 23 
11V 11 Verdim TA 24 
12V 12 A1 25 
13V 13 Robustão Seeds 26, 27 and 28 
(A): Accessions; (AC): Accessions code, corresponding to 28 C. Canephora genotypes analyzed in the experiment. V1 to V2 - genotypes that compose the Vitória cultivar. A1 - composes the Tributun 






Fig 1. Maximum, average and minimum air temperature (°C) (A.), air relative humidity (%), precipitation (mm) and irrigation blade 
(mm) (B.) measured in a cultivation experiment of 28 C. canephora genotypes at high altitude. 
 
Fig 2. Dendrograms constructed for the variables growth rate of orthotropic branches (A.) and growth rate of plagiotropic branches 
(B.) of 28 C. canephora genotypes grown at an elevated altitude from the Euclidean distance matrix using the average linkage 




































































































GROUP 4  
(1 5 ,  1 0 ,  2 4 ) 
 
Fig 3. Daily rates of vegetative growth (mm day
-1
) of the orthotropic branches, represented according to the accession groups 




































































































(1 2 ,  5 ,  6 ,  1 8 ,  2 0 ,  2 6 ,  2 8 ,  7 ,  11 ,  2 1 ,  8 ,  1 0 ) 
 
Fig 4. Daily rates of the vegetative growth (mm day
-1
) of the plagiotropic branches, represented according to the accession groups 




found for C. canephora in other regions (Partelli et al., 2010; 
2013). 
The pattern of growth rate of plagiotropic and orthotropic 
branches evaluated in this study was similar to that reported 
in  previous studies (Partelli et al., 2010; 2013), showing a 
significant decrease in growth of  C. canephora branches  
when grown under minimum air temperature below 17 ºC. 
Plants of C. canephora exhibit higher rates of vegetative 
growth in periods of long and hot days, associated with high 
rainfall, when compared to the vegetative growth rates 
observed in colder months with shorter days (Partelli et al., 
2010; Covre et al., 2016). Plants of C. Canephora tolerate 
high temperatures (Ramalho et al., 2014; Martins et al., 
2016; 2017; Rodrigues et al., 2016a; Rodrigues et al., 2018), 
however, are less adapted to low temperatures compared to 
C. arabica (DaMatta and Ramalho, 2006; Partelli et al., 2009; 
Batista-Santos et al., 2011; Ramalho et al., 2014; Scotti-
Campos et al., 2014).  
The four groups in figure 3 show different growth rates 
according to the seasonal climatic changes during the 
experimental period. Group 4 showed growth always below 
0.15 mm day
-1
, regardless of the evaluated periods. Groups 1 
and 2 were the least affected in the stress constrictions, in 
addition, they showed the highest values for growth rate of 
orthotropic branches in comparison to groups 3 and 4. 
Partelli et al. (2013), studying the seasonal vegetative 
growth of C. canephora genotypes, in relation to climatic 
factors, identified a group of genotypes (V6, V7, V11, V12), 
which although had decreased their growth rate under 
temperature conditions below 17 °C, have been able to 
maintain a steady growth, and showed a potential for 
tolerance to low positive temperatures. 
The stress promoted by the cold, drastically affects the 
photosynthetic apparatus of the conilon coffee, reducing the 
net photosynthesis (Pn) and fluorescence parameters 
(Batista-Santos et al., 2011), causing interferences in the 
reduction of the growth rate. These damages are driven by 
the overproduction of highly reactive molecules (ROS), 
which are usually referred as to byproducts of the redox 
reactions. These molecules can be formed by excitation, in 
this case generating singlet oxygen (
1
O2), or formed by 
successive additions of electrons to O2, reducing it to the 
superoxide radical (O2
-
), hydroperoxyl radical (HO2) or 
hydrogen peroxide (H2O2) and hydroxyl radical (OH
-
) 
(Bhattacharjee, 2010).  
A decrease in the growth rate of plagiotropic branches is 
observed in all the groups (Figure 4), which is related to the 
seasonal climatic changes occurred. Regarding the growth 
rate of plagiotropic branches, group 2 was the most 
affected. Group 1 exhibited the highest growth rate values 
of plagiotropic branches in most of the dates evaluated in 
the experiment. The period of evaluation between 08.05.13 
to 23.05.13 was marked by the lowest average minimum 
temperature (12 ºC), and this fact promoted a greater 
detrimental effect on the growth rate of plagiotropic 
branches in all the groups. The highest values of growth rate 
observed for plagiotropic branches (above 0.32 mm day
-1
) 
were obtained by the genotypes from group 1 02.06.13, 
03.25.13 and 08.04.13), as what was found by Ferreira et al. 
(2005) in C. arabica. in the cerrado region of Goiás.  
The genotypes found in group 1 (Figure 4), are included in 
groups 2 and 3 (Figure 3), therefore, genotypes 25, 14 and 
17 (A1, NV2 and NV1) can be identified as the ones that 
exhibited the best vegetative growth results. 
The 28 C. canephora genotypes evaluated showed 
differentiated growth when cultivated at 850 meters of 
altitude. The results may be related to the mechanisms of 
defense and acclimatization among the C. canephora 
genotypes evaluated. These coffee genotypes may exhibit 
mechanisms of adaptation to stress caused by cold, such as, 
loss of fluidity inherent to the decrease of lipid unsaturation 
and quantitative and qualitative alterations of the 
membrane lipids, causing the reduction of the susceptibility 
to lipoperoxidation preserving the cellular metabolism 
(Scotti-Campos et al., 2014).  
Within the variability of C. canephora genotypes evaluated 
in the present study regarding their cultivation at 850 m of 
altitude, there are groups of genetic material that were able 
to make use of the adaptive mechanisms in a higher level, 
where group 1 showed better values for the conditions 
imposed for both the characteristics growth rate of 
orthotropic and plagiotropic branches, especially during the 
period 23.01.13 to 23.04.13, a period in which the average 
minimum temperature remained above 17 °C. 
The higher the growth of plagiotropic branches, the higher 
the proportionally number of rosettes (Costa et al., 2009), 
allowing productivity gains (Partelli et al., 2013). Thus, some 
genetic material studied can be promising in terms of 
productivity, when grown at an altitude of 850 meters. 
 
Materials and methods 
 
Plant material and climatic conditions 
 
The experiment was carried out in Morrinhos, State of Goiás, 
Brazil. Located at an altitude of approximately 850 meters 
(Latitude: 49'30'' S Longitude: 49° 12'01'' W).  The region of 
Morrinhos, is characterized by water deficit from April to 
October, has flat and undulating topography, with an 
average annual temperature of 20 °C, minimum air 
temperature ranging from 10 °C (July) to 20 °C (in winter), 
and minimum annual temperature average of 18 °C. Figure 1 
shows the climatic data for the period from 23/01/2013 to 
07/07/2013, corresponding to the experimental interval. 
Twenty-eight C. canephora genetic materials, ca. 3 years of 
age, were selected to implant the experimental crop (Table 
1). The climatic data were registered by an automatic station 
located at approximately one km from the evaluated farm. 
The experimental cultivation consisted of 28 genotypes 
(Table 1), and was implanted in November 2010. The spacing 
used in the experimental plot was 3.5m x 1m, corresponding 
to the distance between the lines and between plants, 
respectively, and occupying 3.5 m
2
 per plant. The cultural 
treatments were carried out according to the technical 
guidelines for the crop, including drip irrigation. 
 
Experimental design growth traits 
 
The randomized block design was used, with four 
repetitions, each repetition composed by five plants. 
Measurements of the orthotropic and plagiotropic branches 
were taken biweekly to study the behavior of growth rates 
of the different C. canephora genotypes established in the 
study. To obtain the growth rate of the coffee tree, 
measurements of the length (mm) of plagiotropic and 
orthotropic branches were made. New branches with about 
two pairs of fully expanded leaves were selected, where the 
plagiotropic branches were considered primary and 
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developed from the orthotropic branch. Then, an 
orthotropic branch and two plagiotropic branches were 
randomly chosen and marked in one plant per plot. These 
marked branches were the targets of the periodic measures 
from the beginning to the end of the study. After calculating 
the length (mm) of the orthotropic and plagiotropic 
branches, the calculation of the growth rate (mm day
-1
) was 
performed using the formula: GR = (Fl - Il)/nd, where: GR = 
growth rate; Fl = final length; Il = initial length and nd = 




The data were submitted to analysis of linear regression. 
Afterwards, the values of regression constant and regression 
coefficients were obtained, and used to construct the 
Euclidean distance matrix, which was used as a data source 
for the genotypes clustering. The genotypes clustering was 
performed by the average linkage method (UPGMA) (Cruz et 
al., 2004). A cut-off point was calculated for the formation of 
the groups, using the constant 1.25 as suggested by Milligan 
& Cooper (1985), through the formula: (M+1.25*sd), where: 
M = mean of the values of the junction points; sd = standard 
error of the junction point values.  
After the formation of the genotype groups, we investigated 
the average growth rates within each formed group, both 
for orthotropic and plagiotropic branches. Statistical 
analyzes were carried out using the statistical software R 




The C. canephora genotypes evaluated in the present study 
show genetic dissimilarity for the characteristics of growth 
rate of orthotropic and plagiotropic branches, with potential 
to be cultivated at 850 m of altitude. The 28 C. canephora 
genetic materials were separated in four groups for growth 
rate of orthotropic and plagiotropic branches. Genotypes A1, 
NV2 and NV1 can be identified as the ones that showed the 
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